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(57) ABSTRACT

An 1mproved method and system for a liftcrane 1n which a
load 1s lifted through the combined action of first and second
hoist drums. The method and system use a {irst rope wound
on one hoist drum and a second rope wound on the second
hoist drum. The ends of the ropes opposite the hoist drums
are linked together to transmit tension between them. The
load 1s coupled to the ropes. If the take up speed of one of
the ropes exceeds the take up speed of the other, the linked
ends of the ropes will shift. This condition 1s detected and
the operation of at least one of the first and second hoist
drums 1s modified to bring the take up rates into balance.
This system 1s advantageously used with a hoist block
sheave arrangement. This system can also be used with a
single rope 1n which each of the ends of the single rope are
wound on a separate one of the hoist drums and the load 1s
coupled to the middle of the rope.

20 Claims, 11 Drawing Sheets
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AT THIS POINT, THE BIT INPUTS
HAVE BEEN RE AD, THE OPERATING
MODE HAS BEEN RECORDED, THE
- HANDLE COMMAND HAS BEEN
F l G |3 A RECEIVED, AND THE PUMP COMMAND
. HAS BEEN CREATED.

IS THE
CRANE
INA MODE
OTHER THAN BIG
RINGER-TANDEM

DRUM
MO%)E

YES| NEUTRAL
THE TRIM END OF ROUTINE.
VARIABLE,Q!.

NO

1S
THE LEFT

RECORD
CURRENT VALUE

YES THIS INDICATES THAY THE

FOR BK INTO SIDE LIMIT SET BK=I. LEFT SIDE OF THE BLOCK
LBK, THEN SET SWITCH IS HIGH.
BK=2. OFF
?
150

BOTH LIMIT SWITCHES 1S
CANNOT COME ON AT THE RIGHT \_ YES THIS INDICATES THAT THE
THE SAME TIME. L IMIT SWITCH SETBK=0. |RIGHT SIDECF THE
THERE ARE PHYSICAL BLOCK IS HIGH.

OFF
7

STOPS TO PREVENTTHIS
DURING NORMAL
OPERATION.

NO

SUBTRACT | |IF BK<)LBK ANDBK=0
FROM QI AND |THEN THE FRONT HOIST IS
BRACKET SO |HOISTING TOO QUICKLY OR

THATQI ISNOT [LOWERING TOO SLOWLY.
LESS THAN O.

LBK AND BK= YES

NO

ADD I TO Ql, |IF BKOLBK AND BK=1,
AND BRACKET |[THEN THE REAR HOIST IS
SO THAT QI IS |HOISTING TOO QUICKLY OR
NOT GREATER [LOWERING TOO SLOWLY.

1S BK <>

LBK AND BK=
1?

YES

NO

CONTINUED ON
FIG.13B
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CONTINUED FROM

FIG. I13A
/|52
SET KO=THE
FRONT HOIST
PUMP COMMAND.
APPLY TRIM
FUNCTION !N
THE HOIST
DIRECTION.

APPLY TRIM
FUNCTION IN
THE LOWER
DIRECTION.

THIS STEP ASSURES THAT
s 11/SPEED © (THE T FUNCTION DOES
FACTORS TOBE | 6THER SPEED ADJUSTMENT

USED LATER IN
THE PROGRAM. | FUNCTIONS LATER IN

-

CAICULATE AND APPLY PUMP

BRACKET THE COMMAND TO
FRONT PUMP FRONT HOIST

COMMAND. PUMP.

UNLESS THE TRIM FUNCTIONS

HIT LIMITS IN THE HOIST OR
LOWER DIRECTIONS, 20% OF
THE HOIST COMMAND IS USED

7O TRIM EACH HOIST SYSTEM,
CREATING A 40% DIFFERENCE
IN SPEED WHEN THE

FUNCTION IS FULLY
INTEGRATED.

ADJUST REAR HOIST
PUMP COMMAND
BASED ON THE

CALCULATED
ADJUSTMENT STEP.

CONTINUE. WITH THE
REST OF THE
PROGRAM.
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LIFTCRANE WITH SYNCHRONOUS ROPE
OPERATION

REFERENCE TO RELATED APPLICAITTON

This application 1s a division of application No. 08/210,
088, filed Mar. 18, 1994, now U.S. Pat. No. 5,579,931, the
entire disclosure of which 1s incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

The present invention relates to liftcranes and 1n particular
to heavy duty liftcranes that use a hoist block sheave
arrangement.

Liftcranes are used for a variety of lifting tasks. When
liftcranes are used for lifting very heavy loads one arrange-
ment that has been devised is to employ a hoist block sheave
arrangement. A hoist block sheave arrangement uses upper
and lower block halves suspended from the end of the
liftcrane boom. Each of the block halves includes a plurality
of corresponding sheaves. The lower block half may also
include a hook or other similar device to which the load can
be attached. The upper and lower block halves are connected
by hoist rope or cable that 1s reeved through the correspond-
ing sheaves of each block hallf.

The purpose of the hoist block sheave arrangement 1s
twoflold. First, the multiple sheaves connecting the upper
and lower block halves provide a mechanical advantage as
an arrangement of multiple pulleys. Secondly, lifting can be
accomplished using two drum hoists mnstead of one. This
latter advantage can be obtained because a single length of
rope 1s reeved through the sheaves of the hoist block and
cach end of the rope 1s wound around a separate hoist drum
on the liftcrane. Thus, the load can be lifted using not only
the mechanical advantage of the multiple pulleys, but also
with the lifting power of two hoist drums. Examples of
liftcranes that use hoist block sheave arrangements include
Models 4000, 4100, and 36 ft. platform Ringers manufac-
tured by the Manitowoc Engineering Co. of Manitowoc,
Wisconsin. Some of these liftcranes can lift loads of 800 to
1400 tons or more.

When a hoist block sheave arrangement 1s used in the
manner as explained above, a relatively great length of rope
1s required, e.g. 4500 feet. This 1s because a single rope 1is
reeved through the multiple hoist block sheaves and both
ends of the rope are run all the way back to the two hoist
drums. Using a single rope of this great length can present
disadvantages. For example, it 1s cumbersome to dismantle
the hoist block sheave arrangement 1n case the liftcrane has
to be moved. Also, since only a single rope of great length
1s used, neither the front nor the rear drum 1s typically large
enough to hold the entire length of rope. Thus, the rope must
be removed entirely from the liftcrane and wound onto a
separate spool. Then, 1n order to use the liftcrane again, the

rope must be wound off the spool and reeved through the
hook block sheaves and boom and around both the front and

rear drums. Thus, additional time and effort must be
expended in order to take advantage of the hoist block
sheave arrangement.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there 1s
provided an improved method and system for a liftcrane in
which a load 1s lifted through the combined action of first
and second hoist drums. The method and system use two
ropes. A first rope-1s wound on one hoist drum and a second
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rope wound on the second hoist drum. The ropes extend over
a boom and the ends of the ropes opposite the hoist drums
arc linked together so that tension can be transmitted
between them. The load 1s lifted by a hook carried by the
linked ropes. If the take up speed of one of the ropes exceeds
the take up speed of the other rope, the linked ends of the
ropes will shift. This condition 1s detected and the operation

of at least one of the first and second hoist drums 1s modified
to adjust the take up rates of the two ropes into balance. This
system 1s advantageously used with a hoist block sheave
arrangement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view of a liftcrane mncorporating a first
embodiment of the present invention.

FIG. 2 1s an expanded view of the top end of the boom of
the liftcrane shown in FIG. 1.

FIG. 3 1s a diagram 1llustrating the reeving arrangement of
the liftcrane shown in FIG. 1.

FIG. 4 1s a sectional view of the upper half of the hoist
block sheave arrangement shown 1n the embodiment of FIG.

1.

FIG. 5 1s a front view of a portion of the upper half of the

hoist block sheave arrangement shown 1n the embodiment of
FIG. 1.

FIG. 6 1s a front view of the lower half of the hoist block
sheave arrangement shown 1n the embodiment of FIG. 1.

FIG. 7 1s a side view of the lower half of the hoist block
sheave arrangement shown 1n the embodiment of FIG. 1.

FIG. 8 15 a sectional view taken along lines 8—S8' of FIG.
5.

FIG. 9 1s a sectional view showing a portion of FIG. 8.

FIG. 10 1s a sectional view similar to FIG. 9 showing the
actuator arm 1n a first position.

FIG. 11 1s a sectional view similar to FIG. 9 showing the
actuator arm 1n a second position.

FIG. 12 1s a block diagram of the control system for the
liftcrane of FIG. 1.

FIGS. 13A and 13B are a flow chart of the drum syn-
chronization control routine shown 1n FIG. 12.

FIG. 14 1s a flow chart showing the steps of a method of
operating the crane of the present invention.

It 1s also noted that although 1n a preferred embodiment
the sensor 1s mechanically attached to a link connecting the
two ropes, 1t would also be possible to detect movement of
the two ropes relative to each other by non-mechanical
means. For example, shifting of the link and/or the ropes
could be detected by an optical sensor, a magnetic sensor, or
other types of sensors that employ other than mechanical
connections, €.g. Hall effect, capacitive, etc. This detection

could be performed at locations other than at the rope ends,
as represented by FIG. 14.

DESCRIPTION OF PRESENTLY PREFERRED
EMBODIMENTS

FIG. 1 depicts a heavy duty liftcrane 10 having an upper
works 11 to which 1s attached a boom 12 that 1s used to lift
a heavy-load 14. The liftcrane 10 also includes an engine to
deliver power to the various mechanical systems of the
liftcrane and a hydraulic system including actuators and
pumps. For additional details regarding these aspects of the

liftcrane, reference 1s made to the related applications Ser.
Nos. 07/566,751 and 07/418,879, referred to above.

With very heavy loads, a hook block sheave arrangement
16 1s used. Retferring to FIG. 2, the hook block sheave
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arrangement 16 includes an upper block half 18 and a lower
block half 20. As 1llustrated in the diagram of FIG. 3 and in

FIGS. 4-7, located on the upper block half 18 are a plurality
of sheaves 22 (designated,22a—22s) and located on the lower
block half 20 are a plurality of sheaves 24 (designated
24a-24p) which correspond to the sheaves 22 on the upper

block half 18. A hook 25 1s connected to the lower block half
20.

Lifting of the load 14 with the hook block sheave arrange-
ment 16 1s accomplished with two hoist drums. Referring to

FIGS. 1 and 3, located on the upperworks body 11 of the
liftcrane are a first or rear hoist drum 30 and a second or

front hoist drum 32.

According to a preferred aspect of the invention, two
separate ropes, or load lines, are used. A first rope or load
line 36 1s associated with the first hoist drum 30 and includes
a first end 38 wound around the first hoist drum 30. A second

rope or load line 40 1s associated with the second hoist drum
32 and has a first end 42 wound around the second hoist
drum 32. The first and second ropes 36 and 40 extend from
the first and second hoist drums 30 and 32 up along the boom
12. In this embodiment, the first and second ropes 36 and 40
are reeved through the sheave arrangement 16 through the

sheaves 22 and 24 of the upper and lower block halves 18
and 20. As shown 1n FIGS. 5 and 8, a second end 48 of the

first rope 36 1s connected to one side 50 of a link 52 and a
second end 54 of the second rope 40 1s connected to a second
side 56 of the link 52. The link 52 1s positioned 1n the hook
block sheave arrangement between the upper and lower
rows of sheaves. The second ends 48 and 54 of the two ropes
are connected to the link 52 by an appropriate means, such

as anchoring devices 60 and 61. It 1s preferable that the
second ends of the ropes can be readily disconnected from
the link as necessary.

Even though two separate pieces of rope are used, they
function as a single piece of rope since they are connected
to each other via the link 52. Thus, the link permits transfer
of tension from one rope to the other so that the tension on
both ropes 1s substantially equal. This permits the load to be
lifted through the combined action of both hoist drums and
permits a means for sensing the relative movement of the
ropes 1f the tension 1s not equal, as explained below.

A sensor for sensing the relative movement of the ropes
1s connected to one of the block halves. Referring to FIGS.
S and 8, 1n a preferred embodiment this sensor 1s connected
to the upper block half 18 and specifically to an upper block
frame 64 of the upper block half 18. The upper block frame
64 includes a base portion 66 and first and second arm
portions 68 and 69 that are connected directly to the base
portion 66 and which extend into proximity with the link 52.
An actuator lever 70 has one end 71 located between the first
and second arm portions 68 and 69 and pivotally connected
thereto at 72. The other end 73 of the actuator lever 70 1s
pivotally connected to the link 52 at 74.

A sensor assembly 80 1s mounted on the upper block
frame 64. As shown 1n FIGS. 5 and 8, the sensor assembly
80 includes a first limit switch 82 and a second limit switch
84. Each of these limit switches 1s mounted on one of the
arm portions, for example, the first limit switch 82 1s
mounted on the first arm portion 68 and the second limait
switch 82 1s mounted on the second arm portion 69. Mount-
ing of the limit switches onto the arm portions may be
facilitated by use of mounting pads 85 and 86. In a preferred
embodiment, the mounting pads are clamped onto the arm
portions 68 and 69 and the limit switches 82 and 84 arc
attached by bolts or other fasteners onto the pads. Other
suitable means for mounting the limits switches may also be
used.
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Each of the limit switches includes a body portion and a
roller pin portion. Referring to FIG. 8, the first limit switch
82 has a body portion 88 and a roller pin portion 90. The
second limit switch 84 1s similar or 1identical to the first limat
switch. The roller pin portion 90 1s biased to extend outward
from the limit switch body portion 88. The roller pin portion
90 1s slidable, upon application of sufficient force thereto, to
move from an extended position to a retracted position. In
the absence of a suflicient force applied thereto, the roller pin
portion 90 assumes 1ts fully extended position due to the
biasing of the limit switch. The limit switches 82 and $4
output a signal indicative of the roller pin position, 1.e.
extended or retracted. The limit switches may do this by any
suitable means such as for example outputting a high voltage
signal indicative of one position and a low voltage signal
indicative of the other position. Alternatively, the limat
switches may output pulses or other signals indicative of a
transition from one position, or state, to the other position or
state. In a preferred embodiment, the limit switch used 1s a
model 35751 available from the Micro Switch Company.

Connected to the actuator arm 70 are a first cam 92 and
a second cam 94. The first and second cams 92 and 94 may
be formed of a single piece of metal with the actuator lever
arm 70 or alternatively they may be formed of separate
pieces and connected to 1t. First and second cams 92 and 94
are located between the arm portions 68 and 69 of the upper
block frame 64. First and second cams 92 and 94 have their
axes coincident with the axis of the pivotal connection 72
between the actuator arm 70 and the upper block frame 64.
The first and second cams are connected to the actuator arm
in a manner such that they move with the actuator arm 70 as
it pivots about axis 72.

First and second cams 92 and 94 have perimeter edges
comprised of two sections. Referring again to FIG. 9, 1n a
first cam perimeter section 96, which i1s approximately 314
degrees of the entire cam perimeter, the cam radius 1s of a
first dimension and 1n a second cam perimeter section 98,
which 1s the remaining approximately 46 degrees, the cam
radius 1s of a second dimension which 1s less than the first
dimension. In FIG. 9, the first limit switch 82 1s shown with
the actuator arm 70 1n an approximately horizontal position.
The first limit switch 82 1s mounted on the arm portion 68
of the upper block frame 64 so that the roller pin 90 of the
first limit switch 82 bears on the perimeter of the first cam
92. In the position shown 1 FIG. 9, the roller pin 90 bears
on the second perimeter section 98 of the cam 92. In this
position, the roller pin 90 of the limit switch 82 1s in its
extended, or biased outward, position.

Referring to FIG. 10, the actuator arm 70 1s shown 1n
phantom 1n a first position 100 1n which the actuator arm 70
1s rotated clockwise 15 degrees from the horizontal position
of FIG. 9. When the actuator arm 70 1s 1n the position shown
in FIG. 10, the cam 92 has been rotated to a position at which
the roller pin 90 of the limit switch 82 no longer bears on the
lower perimeter section 98 of the cam 92, but instead the
roller pin 90 bears on the upper perimeter section 96 of the
cam. When the roller pin 90 bears on the higher perimeter
section 96 of the cam, the roller pm 90 1s forced from its
extended position to 1ts retracted position. When the roller
pin 90 of the limit switch 1s moved from 1ts extended to its
retracted positions, the limit switch outputs a signal 1ndica-
tive of the roller pin position change.

The second limit switch 84 1s mounted on the second arm
portion 69 1n a similar way as the first limit switch and bears

on the second cam member 94 similarly. It 1s noted that
whereas the first limit switch 82 1s mounted to indicate

actuator arm movement outside the range of 31 degrees
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counterclockwise from horizontal and 15 degrees clockwise
from horizontal, the second limit switch 84 1s mounted to
indicate actuator arm movement 15 degrees counterclock-
wise from horizontal and 31 degrees clockwise from hori-
zontal.

The limit switches send an output to a programmable
controller that includes a CPU. The operation of the hoist
drums 30 and 32 1s under operation of the CPU so that the

sensor 1nput can be readily accommodated. The operation of
hoist drums under the control of a programmable controller
1s described 1n detail 1n the related applications Ser. Nos.

07/566,751 and 07/418,879.

Briefly, referring to FIG. 12, there 1s shown a block
diagram of the control system for the embodiment of the
liftcrane 10, described above. The various mechanical sub-
systems 104 of the liftcrane 10 include pumps and actuators
for the front hoist 32, rear hoist 30, swing, boom, left and
right crawlers, and so on. The mechanical subsystems 104
are under the control of an operator who occupies a position
in the cab 106 (of FIG. 1) in the upper works 11 of the
liftcrane. In the cab 106 are various operator controls 108
used for operation and control of the mechanical systems
104 of the liftcrane and which preferably include a mode
selector 110 whose function is to tailor the operation of the
liftcrane for speciiic type of activities. The outputs 112 and
113 of the operator controls 108 and the mode selector 110
arc directed to a controller 114 and specifically to an
interface 116 of the controller 114. The interface 116 1n turn
is connected to a CPU (central processing unit) 118. The
controller 114 may be a unit such as the model THC
(Intelligent Hydraulic Controller) manufactured by Hydro
Electronic Devices Corporation. The CPU 118 may be an
Intel 8052. The CPU 118 runs a routine 120 which recog-
nizes and interprets the commands from the operator (via the
operator control 108) and outputs information back through
the mterface 116 directing the mechanical subsystems 104 to
function in accordance with the operator’s instructions.
Movements, positions and other information about the
mechanical subsystems 104 are monitored by sensors 122.
These sensors 122 include the limit switches 82 and 84.
Information from the sensors 122 1s fed back to the interface
116 and 1n turn to the CPU 118. This information about the
mechanical subsystems 104 provided by the sensors 122 1s
used by the routine 120 running on the CPU 118 to deter-
mine 1f the liftcrane 1s operating properly and responding to
the operating commands.

In accordance with a present embodiment, the controller
114 runs a drum synchronization routine 124. This drum
synchronization routine 124 1s preferably incorporated as a
subroutine that 1s part of a general operating routine 120 that
controls operation of the entire liftcrane 10 including all its
mechanical systems and subsystems. The source code for the
drum synchronization routine 1s included in Appendix A.
FIGS. 13A and 13B are a flow chart of the hoist drum
synchronization routine 124 that may be used to operate the
first and second hoist drums in accordance with this embodi-
ment of the present invention.

According to the present embodiment, the operator in the
liftcrane cab operates the liftcrane controls to lift a load with
the liftcrane with the hoist block sheave arrangement, as
illustrated in FIG. 1. The load 14 has been attached to the
hook 25 of the hoist block sheave arrangement 16. The
operator manipulates the controls 108 to cause the first hoist
drum 30 and the second hoist drum 32 to rotate to lift the
load 14 through the combined action of both hoist drums.
During the lifting, if the rope 40 from the second (front)
hoist drum 32 runs slower than the rope 36 from the first
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(rear) hoist drum 30, the speed difference will cause the
actuator lever 70 to rotate counterclockwise until the 15
degrees position 1s reached, as illustrated in FIG. 10. At this
point, the roller pin 90 on one of the limit switches, 1.¢. the
first limit switch 82, moves from the lower cam perimeter
section 98 to the higher cam perimeter section 96 thercby
causing the limit switch 82 to output a signal to the con-
troller 114. This condition 1s represented 1n FIG. 13A at 150.
When this occurs, the drum synchronization routine 124
outputs a command to the first hoist drum 30 to slow down
and to the second hoist drum 30 to speed up to maintain a
constant hook speed. This condition 1s represented 1n FIG.
13B at 152. This output command serves as a correction that
keeps operation of the drums synchronous. With this
correction, the actuator arm 70 returns to its horizontal
position, as shown in FIG. 9.

It should be understood that the operation of lifting
includes the operation of lowering as well since similar
considerations and conditions apply. For example, if the
front drum 1s operating faster than the rear drum, the link
shifts the actuator arm 70 and 1f the shift exceeds approxi-
mately 15 degrees, the limit switch outputs a signal to the
controller to slow down the front drum and/or speed up the
rear drum.

With the improvement described above, disassembly of
the crane 10 1s facilitated. Because two shorter ropes can be
used mstead of a single longer rope, it 1s possible to wind the
entire lengths of the two shorter ropes on the two hoist
drums. According to this procedure, the ropes 36 and 40 are
disconnected at the second ends thereof 48 and 54 from the
link 52. Then, the ropes can be fully retracted from the
sheaves and boom and wound onto the hoist drums.
Alternative Embodiments

According to another embodiment of the present
invention, the drum synchronization routine can provide a
second limit safety feature. This second limit feature pre-
vents the actuator arm from travelling too far from its
horizontal position.

Referring to FIG. 11, the actuator arm 70 1s shown 1n a
second position 102 1n which the actuator arm 70 1s shown
rotated 31 degrees counterclockwise from the horizontal
position of FIG. 9. When the actuator arm 70 has moved to
the position shown 1n FIG. 11, the cam 92 has been rotated
to a position at which the roller pin 90 of the limit switch 82
1s at the other end of the lower perimeter 98 of the cam
perimeter (relative to FIG. 10). In this position also the roller
pin 90 no longer bears on the lower perimeter section 98 of
the cam 92, but instead the roller pin 90 bears on the upper
perimeter section 96 of the cam and, as before,.the limit
switch outputs a signal indicative of the roller pin position
change.

In this additional embodiment, the first limit switch 82
will also output a signal that it 1s on the higher perimeter
section 96 1f the actuator lever 70 has travelled more than 31
degrees counterclockwise from the horizontal and the sec-
ond limit 84 switch will output a signal that it 1s on the
higher perimeter section 96 if the actuator lever has travelled
more than 31 degrees clockwise from the horizontal. Under
these conditions, the drums are signalled to operate to effect
maximum correction of the speed differential. Alternatively,
the drums may be signalled to stop or shut down. Code and
pseudo-code for this alternative embodiment of the drum
synchronization routine using a second limit 1s included in
Appendix B.

In the embodiments described above, it 1s assumed that
the first and second hoist drums are fully under control of the
programmable controller, however, 1t 1s also intended that an
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embodiment of the present invention could be incorporated
in a liftcrane 1n which the hoist drums are under direct
control of the control levers 1n the operator’s cab. In such an
arrangement, an embodiment of the present invention could
be used to augment direct operator control. For example, in
such an embodiment, the sensor assembly could function to
trim the take up of one or the other of the hoist drums upon
sensing that the take up rate of one of the ropes was
exceeding that of the other of the ropes by too great a
margin. However, at other times, the sensor assembly would
return direct control of the hoist drums to the operator. Such
an embodiment could be implemented without a CPU but
use simple switches 1nstead.

In a preferred embodiment of the present invention, the
drum synchronization system 1s used with hoist drums and
a hoist block sheave arrangement. However, 1t 1s contem-
plated that the synchronization system could also be used
with other types of mechanical systems other than just hoist
drums. Also, the synchronization system could be used with
two ropes or load lines but without the hoist block sheave
arrangement.

Although it 1s advantageous to use two ropes, for the
reasons stated above, 1t 1s also contemplated that present
invention could be used in a single rope arrangement. In a
single rope system such as when a hoist block sheave
arrangement 1s used, 1t may be. advantageous to incorporate
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the safety feature, described above. In a single rope system,
one of the hoist drums may become inoperative or the rope
may become tangled 1n the sheaves. This results 1n 1solating
one of the hoist drums from the load, and 1n such circum-
stances lifting of the load would be performed by only one
of the hoist drums. When this happens, 1t results 1n a shifting
of the rope relative to the load. This condition could be
detected by an embodiment of the present invention in
which a sensor associated with the rope outputs a signal to
indicate that the two lengths of rope leading back from the
load are shifting relative to each other. The operation of the
hoist drums would be modified to balance the take up rates
in a manner similar to that described above.

It 1s also noted that although 1n a preferred embodiment
the sensor 1s mechanically attached to a link connecting the
two ropes, 1t would also be possible to detect movement of
the two ropes relative to each other by non-mechanical
means. For example, shifting of the link and/or the ropes
could be detected by an optical sensor, a magnetic sensor, or
other types of sensors that employ other than mechanical
connections, €.g. Hall effect, capacitive, etc. This detection
could be performed at locations other than at the rope ends.

It 1s intended that the detailed description herein be
regarded as illustrative rather than limiting, and that it be
understood that 1t 1s the claims, mcluding all equivalents,
which are intended to define the scope of the 1nvention.

APPENDIX A

/=+==+=$$$$$$$$$$$$$$*$$*$$$$$=+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+=$$$$$$$$$$$$$$$$$$*$$$$$

/* BLOCK UP LEVEL SYSTEM

/* For use with the M-1200 Ringer system

/* when the Ringer 1s set to Tandem Drum mode.
/=+=

/=+=

/* This system 1s desinged to keep the hoist block level when the M-1200 Ringer 1s hoisting
/* 1t with two drums. This compensates for differences in drum speeds and number of line wraps
/* around either drum. The system uses two limit switches which are normally closed. In this

/*  way, an electrical fault in one or both switches can be detected 1f both switches respond as

/*  open.

/=+=

/* When the routine begins, the following items have been established:

/:J’F

/¥ CA(0) - This the neutral counter. If the handle command is in

/¥ neutral, this variable will increment.

/=+=

/* D(0) - Front hoist command directional flag.

/¥ [f D(0) = 128, the hoist command is neutral.

/* [f D(0) = 255, the hoist command is hoisting.

/¥ [f D(0) = 0, the hoist command is lowering.

/=+=

/¥ D(1) - Rear hoist command directional flag. See D(0) for details.
/=+=

/* PUMP(0) - The pump command for the front hoist drum. When the routine
/* begins, an 1nitial command has already been calculated.
/:J’F

/* PUMP(1) - The pump command for the rear hoist drum. An 1nitial command
/* has also been generated for this variable.

/=+=

/* R(0) - The hoist handle command from the cab.

/=+=

/* R(5) - The crane’s operating mode, which will indicate whether or not
/* this routine should be used at all.

/=+=

/* During the routine, the following values will be calculated:

/=+=

/* BK - The current block status.

/* If BK = 0, the front hoist is hoisting too

/* quickly or lowering too slowly.

/* If BK = 1, the rear hoist 1s hoisting too

/* quickly or lowering too slowly.

/* [f BK = 2, the hoist ropes are 1n sync.

/=+=

/* DX - The adjustment step. This 1s proportional to the handle



/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=
/=+=

MS(0) & MS(1)
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APPENDIX A-continued

command. DX 1s used to calculate a factor which 1s applied to
the pump command, responding to the limit switch status.

( Ref. QO(I) )

[2.B1 - The indicator bit for the front hoist. If this bit = 0, the
front hoist 1s hoisting too quickly or lowering too slowly.
[2.B2 - The indicator bit for the rear hoist. If this bit = O, the rear

hoist 1s hoisting too quickly or lowering too slowly.

LLBK - The value for BK during the last program cycle.

Q

Q

Factors used by other drum speed control routines elsewhere n
the code. These factors insure proper operation when two or
more speed control routines are operating at the same time.

0(0) - A term calculated from DX that adjusts the front pump command in
response to the limit switch inputs, based on a funtion that
creates a smooth, controlled response.

0(1) - A term QO(0), that adjusts the rear pump command.

Q1 - The trim variable. This variable increases or decreases as each
of the block level switches has been tripped. It 1s used to
calculate a trim factor which is applied to the pump commands to
help maintain equal rope speed.

When the routine ends, the following variables will be set to new values:

MS(0) - Will be adjusted for use later in the program.

MS(1) - Also will be adjusted for later use.

PUMP(0) - Will be adjusted based on wheter or not leveling was needed.

PUMP(1) - Also will be adjusted bsed on leveling needs.

/=+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+=$$$$$$$$$$$$$$$$$$*$$$$

/=+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+=$$$$$$$$$$$$$$$$$$*$$$$

CRONT RINGER WINCH IS RIGGED TO THE RIGHT SIDE OF THE BLOCK LIMIT SWITCH [2.B1 WILL OPEN

F FRONT DRUM IS HOISTING TOO FAST OR LOWERING TOO SLOW. LIMIT SWITCH 12.B2 WILL OPEN IF
[*REAR DRUM IS HOISTING TOO FAST OR LOWERING TOO SLOW.

/=+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+==+=$$$$$$$$$$$$$$$$$$$$$$$

LBK=BK; BK=2; IF NOT (I2.B2) THEN BK=1; IF NOT (I2.B1) THEN BK=0;
[F (BK<>LBK) AND (BK=0) THEN Q1=Q1-1; [F Q1>250 THEN Q1=0;
[F (BK<>LBK) AND (BK=1) THEN Q1=Q1+1; [F Q1>40 THEN Q1=40;

EN Q1=10; IF R{0)>128 THEN K0=R(0)-128; ELSE K0=128-R{0);

DX=128; IF BK=1 THEN DX=128-(K0/5); I[F BK=0 THEN DX=128+(K0/5); K2=DX*256;

IF D(I)<>128 THEN Q0(1)=(Q0(D-(Q0(I)/5+(K2/5); ELSE QO(I)=32768:

THEN K0=128+(((K0-128)*(Q1+40))/60);

ELSE K0=128-(((128-K0)*(80-Q1))/60);
MS(1)=0; IF Q1<10 THEN MS (1)=(26*(10-Q1))/10; IF BK=0 THEN MS (1)=MS(1)+26;
MS(0)=0; IF Q1>10 THEN MS (0)=(26*(Q1-10))/10; IF BK=1 THEN MS (0)=MS(0)+26;
K0=K0+128-(Q0(0)/256); IF K0>30000 THEN K0=0; IF K0>255 THEN K0=255;
PUMP(0)=K0; PUMP (1)=PUMP(1)-128+(Q0(1)/256);

APPENDIX B

PSEUDO-CODE FOR ALTERNATIVE EMBODIMENT

WITH SECOND LIMIT FEATURE.

A. LBK = BK (Remember the previous block status)

has shifted from the right side of the block to the left, set BK =1
has shifted from the left side of the block to the right, set BK = 2

/=+=

/*

/*

/=+=

[F R(5)=66
THEN DO;
[F CA(0)=0 TH
DO =0 TO 1;

END;

KO=PUMP({0);
[F KO>128
END;
ELSE Q1=20;

[. Set Block Level Flag
B. If the rope
C. If the rope
D. If the rope

has seriously shifted from the right side of the block to the left,
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APPENDIX B-continued

PSEUDO-CODE FOR ALTERNATIVE EMBODIMENT
WITH SECOND LIMIT FEATURE.

set BK =3
E. If the rope has seriously shifted from the left side of the block to the right,
set BK =4

F. If the riope 1s within limits, set BK = 0.
[I. Ringer Twin Drum system: Balancing sequence
A. If the ringer is in twin drum mode | R(5) =2 ]
1. Set R(1) = R(0), Set TM1 and TM2 = O
| Set the pump control variables equal to each other, and reset the
adjustment variables. ]
2. If the block level status has changed and the rope has shifted to the
left, then subtract 1 from Q1.
a. [f Q1> 250, then set Q1 to O
Q1 has scrolled below O, and has set itself at 255.
3. If the block level status has changed and the rope has shifted to the
right, then add 1 to Q 1.
a. If Q1 > 20, then set Q1 equal to 20.
4. Adjust TM1 and TM2.
a. It Q1 > 10, then set TM1 = Q1 - 10.
b. If Q1 < 10, then set TM2 = 10 — Q1.
At this point 1t should be noted that, between TM1 and TM2, only one of them has
an actual value. The other 1s equal to 0, and will remain so for the rest of the calculations.

This way, the crane only trims in one direction.
5. If R(0) > 146 {Crane is hoisting . . . }

a. Adjust TM1 and TM2
i. TM1=(TM1X (R()-146))/66
ii. TM2=({TM2 X ( R(0) - 146 ) )/ 66
b. If the rope shifted to the left, then TM1 = R(0) — 146
c. If the rope shifted to the right, then TM2 = R(0) — 146
6. If R(0) < 110 {Crane is lowering . . . }
a. Adjust TM1 and TM2
i. TM1=({TM1X (110=R(0)) )/ 66
ii. TM2=(TM2X (110=R({0)) )/ 66
b. If the rope shifted to the left, then TM1 = 110 - R(0)
c. If the rope shifted to the right, then TM2 = 110 — R(0)
7. Bracket TM1 and TM2
a. [fTM1 > 10, then set TM1 = 10
b. If TM2 > 10, then set TM2 = 10
8. If TM1 + R(0) exceeds maximum pump command, adjust TM1 to twice the
exceeding amount.
a. If (R(0)+ TM1 ) > 212, then TM1 =TM1 + ( ( R(0) + TM1 ) - 212 )
b. If(R(0)-TM1) <44, then TM1 =TM1 + ( 44 - ( R(0) - TM1 ) )
9. If TM2 + R(0) exceeds maximum pump command, adjust TM1 to twice the
exceeding amount.
a. If(RO)+TM2) > 212, then TM2 =TM2 + ( ( R(0) + TM2 ) - 212 )
b. If(R(0)-TM2) <44, then TM2 =TM2 + ( 44 - ( R(0) - TM2 ) )
10. Reset the command values for the control handles and bracket them.
a. Adjust and bracket the front drum control.
R({0) = R(0) - TM2 + TM1
i. IE£R{O) > 212, set R(0) =212
ii. If R(0) < 44, set R(0) = 44
b. Adjust and bracket the rear drum control.
R({1) = R(1) - TM1 + TM2
i. IfR()>212,set R(1) =212
ii. If R(1) < 44, set R(1) = 44
B. IfR() <>2,set Q1 =10
Variable List:
BK: Block level variable - 0/ Block 1s level
1/ Rope has shifted from the left
side to the right.
2/ Rope has shifted from the
right side to the left.
3/ Rope has seriously
4/ shifted from the left to
12.B1: Digital Input - Rear drum side 1s high
12.B2: Digital Input - Front drum side 1s high
LBK Lost Block level variable value
Q1 Hoist pump adjustment intensity
TM1 Hoist pump trim command: Rope shifted from the right to the left.
TM2 Hoist pump trim command: Rope shifted from the left to the right.
R(0) Front drum handle command
R(1) Rear drum pump control
R(5) Crane mode- When R(5) = 2, then the crane is in the twin drum
hoist mode.

12
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CODE FOR ALTERNAITVE EMBODIMENT
WITH SECOND LIMIT FEATURE

C S e HE S S R SR T S S S S S S S S I S S S S JE JE SE S HE T S S S TR O S S HE S S S SR S U e S S S HE S S S S S S S S S S S S S SR I S R T S S S O S S S S S S S S S SR SE S S S S o

FRONT RINGER WINCH IS RIGGED TO THE RIGHT SIDE OF TH

E BLOCK. LIMIT SWITCH [2.B2 WILL OPEN

[ FRONT DRUM IS HOISTING TOO FAST OR LOWERING TOO SLOW. LIMIT SWITCH I2.B1 WILL OPEN IF
REAR DRUM IS HOISTING TOO FAST OR LOWERING TOO SLOW. R(0)=RH CONTROL HANDLE. R(1)=LH

CONTROL HANDLE.

E S S S S S S S S S S S S I S S S S S S S S S S S T i S S i e i S S S S S i S S S S S S S S S S S HE S S S S i S S S e S S T S S S S S S R e e I o S

L. BK=BK;

[F (NOT(I2.B1)) AND I2.B2 THEN BK=1; IF (NOT(I2.B2)) AND I2.B1 THEN
[F (NOT(I2.B1)) AND (NOT(I2.B2)) AND (LBK=1) THEN BK=3;

[F (NOT(I2.B1)) AND (NOT(I2.B2)) AND (LBK=2) THEN BK=4;

[F I2.B1 AND I2.B2 THEN BK=0;

IF R(5)=2
THEN DO:
R(1)=R(0); TM1, TM2=0;
[F (BK<>LBK) and BK-2) THEN Q1-1; IF Q1>250 TEN Q1=0;

[*SET BLOCK LEVEL FLAG*/

BK=2;

[*RINGER TANDEM*/

IF (BK<>LBK) and (BK-1) THEN Q1=Q1+1; IF Q1>20 THEN Q1=20;

[F Q1>10 THEN TM1=Q1-10; IF Q1<10 THEN TM2=10-Q;
IF R(0)>146
THEN DO;
TM1=(TM1*(R(0)-146))/66; TM2=(TM2*(R(0)-146))/66;
[F (BK=1) OR (BK=3) THEN TM1=R(0)-146;
[F (BK=2) OR (BK=4) THEN TM2=R(0)-146;
END;
IF R(0)<110
THEN DO;
TM1=(TM1*(110-R(0)))/66; TM2=(TM2*(R(0)-146))/66;
[F (BK=1) OR (BK=3) THEN TM1=110-R(0);
[F (BK=2) OR (BK=4) THEN TM2=110-R(0);
END;
[F TM1>10 THEN TM1=10; IF TM2>10 THEN TM2=10;
IF (R(0)+TM1)>212 THEN TM1=TM1+((R(0)+TM1)-212);
IF (R(0)-TM1)<44 THEN TM1=TM1+(44—(R(0)-TM1));

R{0)=R(0)-TM2+TM1; IF R(0)>212 THEN R{0)=212; IF R(0)<44 THEN R(0)=44;
R(1)=R(1)-TM1+TM2; IF R(1)>212 THEN R{1)=212; IF R(1)<44 THEN R(1)=44;

END:;
FLSE Q1=10

We claim:

1. A method of operating a liftcrane that has a boom, first 4
and second hoisting mechanisms and a first rope and a
second rope, comprising the steps of:

a) winding a first end of said first rope on the first hoisting
mechanism;

b) winding a first end of said second rope on the second 45
hoisting mechanism;

¢) coupling a second end of said first rope to a second end
of said second rope 1n a manner that transfers tension
equally between said ropes;

d) operating the liftcrane to lift a load suspended from the <,
boom and coupled to said first and second ropes by
combined action of the first hoisting mechanism and
the second hoisting mechanism wherein both the first
and second hoisting mechanisms each lift a substan-
tially equal part of the load and the first and second .
hoisting mechanisms together lift the entire load;

¢) sensing the relative amount by which said first ends of
said ropes are being taken up and sending a signal
indicative of said sensing to a processor having a
synchronization routine; and 60

f) adjusting operation of at least one of said hoisting
mechanisms based upon said routine operating on said
signal from said sensing.

2. The method of claim 1 further comprising the step of:

suspending operation of said first and second hoisting 65
mechanisms upon the condition that the amount sensed
exceeds a threshold.

3. The method of claim 2 in which said first and second
ropes are joined together at a link, and 1n which the sensing
step further comprises:

sensing movement of said link.

4. A method of operating a liftcrane that has first and
second hoisting mechanisms, a hoist block sheave arrange-
ment having an upper block half and a lower block half, and
a first rope and a second rope, comprising the steps of:

a) winding a first end of said first rope on the first hoisting
mechanism;

b) winding a first end of said second rope on the second
hoisting mechanism;

c) reeving the ropes between the upper and lower block
halves;

d) lifting a load suspended from the lower block half by
combined action of the first hoisting mechanism and
the second hoisting mechanism wherein both the first
and second hoisting mechanisms each lift a substan-
tially equal part of the load and the first and second
hoisting mechanisms together lift the entire load;

¢) sensing the relative amount by which said ropes are
being taken up and sending a signal indicative of said
sensing to a processor having a synchronization rou-
tine; and

f) adjusting operation of at least one of said hoisting
mechanisms based upon an output from the processor
synchronization routine operating on said signal from
said sensing.
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5. The method of claim 4 further comprising the step of:

suspending operation of said first and second hoisting,
mechanisms upon the condition that the amount sensed
exceeds a threshold.
6. The method of claim 5 in which said first and second
ropes are joined together at a link, and 1n which the sensing
step further comprises:

sensing movement of said link.

7. A method of operating a liftcrane that has first and
second hoisting mechanisms and a rope having a first section
of rope with a first end wound on the first hoisting mecha-
nism and a second section of rope with a first end wound on
the second hoisting mechanism, comprising the steps of:

a) lifting a load coupled to the first and second sections of
rope by combined action of the first hoisting mecha-
nism and the second hoisting mechanism wherein both
the first and second hoisting mechanisms each lift a
substantially equal part of the load and the first and
second hoisting mechanisms together lift the entire

load;

b) sensing the relative amount by which said sections of
said rope are being taken up; and

) using a processor having a routine to adjust operation
of at least one of said hoisting mechanisms based upon
said sensing.

8. The method of claim 7 which said rope 1s comprised of

a first rope and a second separate rope.

9. The method of claim 8 wherein said sensing comprises
sending a signal to the processor from a sensor sensing
movement of a link between the first and second ropes.

10. The method of claim 7 wheremn the first and second
sections are part of one continuous rope.

11. The method of claim 10 wherein the load 1s coupled
to a middle portion of said rope connecting the first and
second sections of rope.
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12. The method of claim 7 in which said sensing com-
prises detecting movement of the first and second sections of
rope.

13. The method of claam 12 1n which the rope section
movement 1s detected by a method selected from the group
consisting of optical sensors, magnetic sensors, Hall etfect
sensors and capacitive sensors.

14. The method of claim 12 in which the detection of
movement 1s performed at a location other than at the rope
section ends.

15. The method of claim 12 wherein the processor 1s part
of a programmable controller and the first and second
hoisting mechanisms comprise first and second hoist drums
controlled by the programmable controller.

16. The method of claim 12 wherein the rope sections are
reeved through hoist block sheaves and the load 1s lifted by
the hoist block.

17. The method of claim 7 wherein the processor adjust-
ment maintains a relative uniform rate at which the first and
second sections of rope are taken up.

18. The method of claim 7 wherein a sensor detects a
relative difference 1n rates at which the first and second
sections are taken up and outputs a signal indicative of the
difference.

19. The method of claam 7 wherein the first and second
sections of rope are coupled to the load so as to allow tension
to be transferred equally between the first and second rope
sections.

20. The method of claim 7 wherein the routine provides

an output to synchronize the operation of first and second
hoisting mechanisms.
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